[Abstract] Since the discovery of the CRISPR (clustered regularly interspaced short palindromic repeats)-associated protein (Cas) as an efficient tool for genome editing in plants ( Li et al., 2013; Shan et al., 2013; Nekrasov et al., 2013) , a large variety of applications, such as gene knock-out, knock-in or transcriptional regulation, has been published. So far, the generation of multiple mutants in plants involved tedious crossing or mutagenesis followed by time-consuming screening of huge populations and the use of the Cas9-system appeared a promising method to overcome these issues. We designed a binary vector that combines both the coding sequence of the codon optimized Streptococcus pyogenes Cas9 nuclease under the control of the Arabidopsis thaliana UBIQUITIN10 (UBQ10)-promoter and guideRNA (gRNA) expression cassettes driven by the A. thaliana U6-promoter for efficient multiplex editing in Arabidopsis (Yan et al., 2016) . Here, we describe a step-by-step protocol to cost-efficiently generate the binary vector containing multiple gRNAs and the Cas9 nuclease based on classic cloning procedure.
the T2 generation. Besides the selection of the gRNA and the construction of the plasmid, we give an overview of efficient genotyping methods required for detection of small or large deletions. 
Materials and Reagents
Note: The protocol described here is based on the RNA-guided Cas9 system which was published recently (Yan et al., 2016) . Only classical cloning methods such as restriction enzyme digestion and cohesive end ligation are required to construct plasmids ready for plant transformation. bp sequence adjacent to the PAM motif has to any other sequence in the A. thaliana genome.
The higher the value the smaller is the risk for off-targeting. Therefore, sequences with a minMM_GG higher than three should be considered.
f. Copy the optimal 20 bp long spacer sequence. Here, X represents any nucleotide. Figure 1V ).
b. Cut gRNA2 out of gRNA2-AtU6-26-V4 using KpnI-HF and XbaI (643 bp, Figure 1VI ).
c. Load reactions on gel, gel purify positive bands.
d. Ligate KpnI-gRNA2-XbaI and SpeI-gRNA1-AtU6-26-V4-KpnI (XbaI and SpeI produce
compatible ends, Figure 1VII ).
e. Transform TOP10 E. coli cells, select transformants on YT-amp plates.
f. Genotype clones with M13F and a specific reverse primer for the last added gRNA (amplicon size = 581 bp).
g. Isolate plasmids and sequence with M13R.
Repeat this step to add more gRNAs. 17. Genotype the transformants.
As in the T1 generation the activity and efficiency of the Cas9 enzyme but also of the DNA repair mechanisms might differ from cell to cell, each plant most likely will be a mosaic of different genotypes. Therefore we suggest to pool genotyping samples of one plant, such as pieces of cauline leaves from different branches. If a plant with the expected mutation was identified in T1, label and genotype the single branches as they can have different genotypes ( Figures 2C   and 2D ). The method of genotyping depends on the anticipated results.
www.bio-protocol.org/e2166 a. Big fragment deletions which had been generated by multiple gRNAs, can be identified by PCR followed by gel electrophoresis of the PCR products (Figures 2A and 2B) . b. Small deletions or polymorphisms that produce a minimum mismatch of 2 bp to the wild type allele can be detected by T7 endonuclease digestion (Vouillot et al., 2015) .
i. Perform the genotyping PCR as mentioned for big fragment deletions.
ii. Set up the hybridization reaction by adding 1.12 µl NEBuffer 2 to the PCR product without purification of the DNA. Prepare WT control and sample separately. When pooling different branches in T1, it is not necessary to add wild type PCR product to the sample as we usually do not expect Cas9 efficiencies to be higher than the T7 endonuclease detection limit (Vouillot et al., 2015) . But if you already see a clear phenotype when genotyping single branches, you can replace 20% of the sample volume by wild type to not miss homozygous mutant branches.
iii. Hybridize PCR products using the following conditions:
www.bio-protocol.org/e2166 vi. Separate cleavage products on a 2% agarose gel.
c. Point mutations are not detected by T7 endonuclease digest efficiently (Vouillot et al., 2015) and the IDT ® Surveyor ® nuclease (Integrated DNA Technologies), which is supposed to cut at point mutations, appeared to be incompatible with the Phire Plant Direct PCR Mix.
Considering the economic factors of high throughput mutant screening, we did not increase the amount of Surveyor ® enzyme beyond manufacturer's recommendations. Here, we suggest to use the T7 endonuclease assay to exclude plants with mutations of 2 bp or more.
Then PCR products from the rest of the samples can be purified and sent for Sanger sequencing.
18. Confirm the mutation by sequencing.
19. Harvest the seeds from the branch that has a mutation. b. Genotype for the expected mutation as described in step 17. (Figure 3) 
Note: To verify small fragment deletions in T2

Data analysis
Mutations obtained in the T1 generation can be confirmed by Sanger sequencing as mentioned in step 17. But, as neighboring cells might harbor different mutations and as the mutation might be biallelic, we recommend to gel-purify the mutant PCR product and subclone it to pGEM ® -T or any other cloning vectors. Sequence five to ten positive colonies to get an overview of gained mutations.
After the selection of a T-DNA-free mutant plant in the T2 generation (step 19) confirm the presence and type of the mutation again by sequencing.
Note: PCR products generated by the Phire Plant Direct PCR Kit are blunt ended and require Atailing before ligation with pGEM ® -T.
Notes
This protocol is simple and straightforward. So far, more than 50 binary vectors containing different sets of gRNAs have been generated by our group and used for genome editing of Arabidopsis. 
